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Based on the fact that the amino acid sequence of sulﬁredoxin (Srx), already known as a redox-
dependent sulﬁnic acid reductase, showed a high sequence homology with that of ParB, a nuclease
enzyme, we examined the nucleic acid binding and hydrolyzing activity of the recombinant Srx in
Arabidopsis (AtSrx). We found that AtSrx functions as a nuclease enzyme that can use single-
stranded and double-stranded DNAs as substrates. The nuclease activity was enhanced by divalent
cations. Particularly, by point-mutating the active site of sulﬁnate reductase, Cys (72) to Ser (AtS-
rx-C72S), we demonstrate that the active site of the reductase function of AtSrx is not involved in
its nuclease function.
 2012 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.1. Introduction it has also been shown that the Srx participates diverse cellularSince reactive oxygen species (ROS) generated not only from the
environmental stresses but also from diverse metabolic processes
are highly reactive, they can cause oxidative damages to many bio-
logical macromolecules including nucleic acids, lipids, and pro-
teins, etc. [1,2]. Responding to changes of intracellular ROS levels,
the susceptible molecules in cells perform their speciﬁc reversible
or irreversible modiﬁcation, which results in an alteration of their
functions and activities [3,4]. Among the processes, the sulphydryl
group of proteins is particularly sensitive to oxidative modiﬁcation.
Thus, the status of thiol groups in certain protein reﬂects the redox
changes of cells [5,6].
Even though, the overoxidized form of sulﬁnic- and sulfonic-
acid proteins has been viewed as an irreversible protein modiﬁca-
tion, at recent it was shown that the sulﬁnic form of some types of
peroxiredoxins (Prxs) were reversibly reduced by sulﬁredoxin (Srx)
with the help of thioredoxin (Trx)- or glutaredoxin (Grx) system
[7]. However, up to date, the sulfonic form of Prxs remains as an
irreversible overoxidation. The Srx, a small redox protein, was
ﬁrstly identiﬁed from yeast as a reducer of the sulﬁnic form of 2-
Cys peroxiredoxin (2-Cys Prx). In this reaction, the highly con-
served cysteine residue in Srx plays a critical role as its active site
[8–10] and the presence of ATP, Mg2+ and a thiol-reductants are
necessitated [8,11,12]. Through this antioxidative function of Srx,chemical Societies. Published by Eregulatory functions, such as peroxide-mediated signaling cas-
cades, H2O2 signaling ﬂuxes in Pap1 pathway [13], cell prolifera-
tion [14], tumor promotion [15,16], and regulation of post-
translational modiﬁcation against oxidative and/or nitrosative
stresses [17,18]. And the transcript level of Srx is signiﬁcantly in-
duced by H2O2 and its deletion in yeast cells led to a reduced tol-
erance to oxidative stress [8,13].
Importantly, during the searches of the Arabidopsis Information
Resource database (TAIR ID: At1g31170), we retrieved an interest-
ing result that the amino acid sequence of Srx shared a high se-
quence homology with part of the prokaryotic ParB protein [19].
The ParB containing a helix-turn-helix (HTH) motif in its amino
acid sequence was well characterized to play a role in bacterial
chromosome partitioning and plasmid inheritance with the help
of two other components, such as cis-acting site (parS) and an ATP-
ase (parA). In the reaction, the ParB protein played a critical role in
DNA binding and exhibited a Ca2+-dependent nuclease function
[20,21]. Even though the molecular mechanism remains unclear
[22], it has been known that the ParB binds to parS site and spreads
laterally along the DNA forming a nucleoprotein complex. Then the
ParA, Walker-box ATPase, separates the ParB-parS complex into
the opposite poles of cells. The process of chromosome segregation
can be enhanced by recruitment of structural maintenance chro-
mosomes (SMC) into the replication origin by ParB-parS [23].
Despite the overall sequence homology of Srx with ParB, the Srx
does not have HTH motif known as an important domain for DNA
binding of ParB. And the highly conserved amino acid, Glu of ParB,
was replaced with Cys residue in Srx [19]. Even though it waslsevier B.V. All rights reserved.
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and structural homologies [19], there has been no report on the
examination of nuclease function of Srx. Therefore, in this study,
we examined whether the Srx truly has nuclease function using
the bacterially expressed recombinant protein of Arabidopsis Srx,
designatedAtSrx. From theexperiment,we clearly demonstrate that
the AtSrx plays dual functions, acting not only as a redox-dependent
sulﬁnic acid reductase but also as a redox-independent nuclease
function.
2. Materials and methods
2.1. Materials
M13mp8 (single-stranded DNA) and M13mp8RFI (double-
stranded DNA) were purchased from New England Biolabs (NEB).
CaCl2, MgCl2, CoCl2, ZnCl2 and EDTA were obtained from Sigma
and pUC19 DNA was from Takara Co.
2.2. Preparation of recombinant AtSrx and AtSrx-C72S proteins and
their puriﬁcation
A cDNA (312 bp) encoding the AtSrx was cloned from an Ara-
bidopsis cDNA library by polymerase chain reaction (PCR) with
the use of following primers (Forward primer, 50-TATAGGATCCAT-
GAACGGTTCGCCGCCGGT-30 and Reverse primer, 50-CTC-
GAGTCAGCGAAGATGATGCCTTAATGTTT-30), and the PCR product
was ligated into the pGEM-Teasy vector (Promega). Using the AtSrx
DNA in pGEM-Teasy vector as a template, the DNA encoding AtSrx-
C72S in which the Cys72 was replaced by Ser, was prepared by
PCR-mediated mutagenesis technique as described [24] using the
following speciﬁc primers (Forward primer, 50-ATGGGTTCTCGG-
GATCCCAC-30; Reverse primer, 50-ATCTGTGGGATCCCGAGAAC-30).
For the protein expression of AtSrx and AtSrx-C72S in Escherichia
coli BL21 (DE3), the BamHI/XhoI-digested AtSrx and AtSrx-C72S
DNA inserts were ligated with the pET28a expression vector
(Novagen), respectively. Sequence of the constructs was veriﬁed
by nucleotide sequencing. After transforming the AtSrx and AtSrx-
C72S genes into E. coli BL21 (DE3) and 0.2 mM IPTG induction,
the histidine (His)-tagged recombinant AtSrx and AtSrx-C72S pro-
teins were expressed and puriﬁed by an Ni-NTA afﬁnity agarose gel
chromatography, as described [25]. The His-tag was cleaved by
thrombin treatment and the native forms of AtSrx and AtSrx-
C72S proteins were obtained by dialyzing them into 20 mM
Hepes-KOH (pH 8.0), which were used for biochemical analyses.
2.3. Preparation of Arabidopsis 2-Cys Prx protein and its reduction
analysis
Arabidopsis 2-Cys Prxwas obtainedwith the same procedures as
used for thepreparationofAtSrxprotein inE. coliand theproteinwas
hyper-oxidized by H2O2 (5 mM) treatment as described [9]. Reduc-
tion of sulﬁnic form of 2-Cys Prx by AtSrx was examined in the
100 ll reaction mixture containing 50 mM Tris–HCl (pH 7.5),
1 mM MgCl2, 1 mM ATP, 10 mM GSH, 6 lg sulﬁnic acid form of 2-
Cys Prx, 2 lg AtSrx or AtSrx-C72S at 30 C for 120 min. The oxidized
status of the 2-Cys Prx was investigated by western blot analysis
with the use of antibodies speciﬁcally reacted eitherwith the hyper-
oxidized2-CysPrx (purchased fromtheLabFrontier company) or the
whole protein of 2-Cys Prx (prepared from our laboratory).
2.4. Analyses of nucleic acid binding and hydrolyzing activities
Nucleic acid binding activity of AtSrx was analyzed by gel retar-
dation technique using various kinds of DNA as substrates as de-scribed [26]. 200 ng of pUC19, M13mp8 or M13mp8RFI was
incubated with varying concentrations (0, 1, 2, 5 lg) of the puriﬁed
AtSrx protein in 15 ll binding buffer (20 mM Tris–HCl, pH 7.5 con-
taining 2 mM EDTA, 4 mM KCl, 5% glycerol, and 50 lg/ml bovine
serum albumin). The reaction mixture was maintained on ice for
30 min and their DNA binding activity was measured by gel shift
on agarose gel which was visualized by ethidium bromide staining
(EtBr). And the nuclease activity was assayed as described [21]
with a slight modiﬁcation. Various concentrations (0.1, 0.5, 1 and
5 lg) of AtSrx were incubated with 200 ng substrates of pUC19,
single-stranded or double-stranded DNA in the 30 ll reaction buf-
fer (20 mM Tris–HCl, pH 7.5) containing 3 mM b-mercaptoethanol,
5 mM CaCl2 at 37 C for 20 min. After the reaction was stopped by
adding 2 ll of 500 mM EDTA, the mixture was electrophoresed in a
0.8% agarose gel. The nuclease activity was visualized by EtBr
staining. Instead of AtSrx, glutathione S-transferase (GST: 5 lg)
was used as a control.
3. Results
3.1. Identiﬁcation of a novel function of AtSrx acting as a nuclease
enzyme
Based on the fact that the deduced amino acid sequences of
AtSrx showed a high sequence similarity to those of prokaryotic
ParB proteins, already known as nuclease enzymes (Supplemental
Fig. 1) [19], we tried to investigate the nucleic acid hydrolyzing
activity of AtSrx using the various kinds of substrates. For the
experiment, the cDNA clone (312 bp) of AtSrx was isolated from
an Arabidopsis cDNA library, subcloned it into the pET28a expres-
sion vector and expressed the protein in E. coli. Treatment of
1 mM IPTG to the transformed E. coli signiﬁcantly induced the
expression levels of AtSrx (Fig. 1A). After the His-tagged recombi-
nant AtSrx was homogeneously puriﬁed using a Ni-NTA agarose
afﬁnity column chromatography, the His-tag was removed by
thrombin treatment. Then, it was possible to get a single protein
band of AtSrx on a SDS–PAGE gel (Fig. 1A). To investigate the role
of active Cys residue in AtSrx, we also prepared the Cys mutant
form of AtSrx-C72S, in which the active site Cys residue (posi-
tioned at 72) was replaced by Ser. Using the proteins, we con-
ﬁrmed reductase function of AtSrx by Western blotting, which
efﬁciently reduced the sulﬁnic form of Arabidopsis 2-Cys Prx
(Fig. 1B). In this experiment, we used two antibodies that specif-
ically recognized either the hyperoxidized group of 2-Cys Prx or
whole protein of 2-Cys Prx, respectively. As expected, it was ver-
iﬁed again that the Cys72 in AtSrx was essential to reduce the
sulﬁnic acid form of Arabidopsis 2-Cys Prx.
In addition, we examined the DNA binding activity of AtSrx
with the use of many kinds of DNA substrates including pUC19,
single-stranded (ss) M13mp8 phage DNA, and double-stranded
(ds) DNA molecules. We found AtSrx bound with all the DNA mol-
ecules tested, suggesting that AtSrx interacted with DNAs without
showing substrate speciﬁcity. Thus, in the presence of more than
1 lg of AtSrx in the reaction mixture, AtSrx resulted in a super-
shift of its electro-mobility on the gels (Fig. 2A). In contrast, no
interaction was detected from the incubation of DNA substrates
with the excessive amount (5 lg) of GST used as a control. To
determine the effect of salt on the DNA binding of AtSrx, we as-
sessed its binding afﬁnity to substrate DNAs with increasing the
concentrations of KCl and analyzed it on agarose gels. In the pres-
ence of KCl up to 200 mM concentrations, AtSrx bound with its di-
verse target DNAs (Fig. 2B). Interestingly, it can be concluded from
the results that the AtSrx previously identiﬁed as a sulﬁnic acid
reductase [27,28] can also have binding activity with diverse forms
of DNA molecules.
Fig. 1. Puriﬁcation of AtSrx and AtSrx-C72S proteins and comparison of their sulﬁnic acid reductase function using the Arabidopsis 2-Cys Prx as a substrate. (A) Bacterially
expressed recombinant proteins of AtSrx and AtSrx-C72S were puriﬁed by Ni-NTA agarose afﬁnity gel chromatography. Purity of the proteins was analyzed on a 13.5% SDS–
PAGE gel with Coomassie blue staining. Soluble proteins (40 lg) of AtSrx and AtSrx-C72S extracted from the transformed E. coli before (lanes 1 and 2, respectively) or after
(lanes 3 and 4, respectively) inducing the proteins by IPTG treatment. 1 lg of AtSrx (lane 5) and AtSrx-C72S (lanes 6) was loaded after His-tag was removed by thrombin
treatment. M: molecular weight standards. (B) Sulﬁnic acid reductase function of AtSrx using the hyperoxidized form of Arabidopsis 2-Cys Prx as a substrate. The 2-Cys Prx
(6 lg) treated 5 mM H2O2 was incubated with 2 lg AtSrx or AtSrx-C72S in the 100 ll reaction mixture containing 50 mM Tris–HCl (pH 7.5), 1 mM MgCl2, 1 mM ATP and
10 mM GSH at 30 C for 120 min. The mixture before (left panel) or after (right panel) the 120 min reaction was loaded onto a 13.5% SDS–PAGE gel and subjected to Western
blotting with the use of antibodies that speciﬁcally recognized either the hyperoxidized form of 2-Cys Prx or whole protein of 2-Cys Prx, respectively.
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the fact that protein structure and sequence of AtSrx are highly
homologous to the ParB protein having a nuclease activity [19]
prompted us to analyze its DNA hydrolyzing activity (Fig. 3). By
incubating the AtSrx with DNA substrates used in the experiment
of Fig. 2, we found that all the DNAs were gradually cleaved by
the addition of AtSrx (Fig. 3). The pUC19 DNAs containing predom-
inant form of supercoiled (CCC) DNA and a small amount of open
circular (OC) DNA were cleaved by increasing the concentrations
of AtSrx. Thus, the amounts of both open circular and linear forms
of pUC19 were incremented by increasing the AtSrx concentration,
whereas the quantity of CCC form of DNA was slowly decreased.
Moreover, when we added AtSrx more than 1 lg to the reaction
mixture, the pUC19 DNA was completely degraded, whereas GST
(5 lg) incubated instead of AtSrx was not able to hydrolyze the
DNA at all. The same results of AtSrx were obtained with the use
of other DNAs (ssDNA and dsDNA) as substrates. In this experi-
ment, 1 lg of AtSrx is enough to completely hydrolyze the sub-
strates (Fig. 3B and C). The DNA hydrolyzing activity of AtSrx
was proportionally increased to the incubation time of AtSrx with
pUC19 DNA (Fig. 3D). From the results, it can be strongly proposed
that AtSrx possesses another novel function of nuclease enzyme, in
addition to its previously well-identiﬁed function of sulﬁnic acid
reductase [27,28].3.2. Effect of divalent metal cations on the nuclease activity of AtSrx
To explore the effect of divalent cations on nuclease activity of
AtSrx, various kinds of divalent cations including Ca2+, Mg2+, Mn2+,
Co2+ or Zn2+ were added to the reaction mixture containing pUC19
DNA and various amounts of AtSrx. Then, we analyzed the reaction
products with an agarose gel after 20 min incubation (Fig. 4). Even
though the AtSrx could slowly hydrolyze the pUC19 DNA even in
the absence of metal cations, the nuclease activity was signiﬁcantly
enhanced by the addition of metal ions, such as Ca2+, Mg2+, Mn2+
and Co2+, to the reaction mixture. On the contrary to the other cat-
ions, only Zn2+ ion inhibited the nuclease activity. Moreover, as ex-
pected, the addition of metal chelating agent, EDTA
(Ethylenediaminetetraacetic acid), obviously inhibits the nuclease
activity of AtSrx, suggesting that the AtSrx plays as a metal ion-
dependent nuclease enzyme.
3.3. Redox-independent DNA-binding and nuclease activities of AtSrx
It has been shown that AtSrx contains ‘catalytic’ cysteine resi-
due as its active site located at its c-terminus (Cys72), which is crit-
ical for exhibiting its redox-dependent sulﬁnic acid reductase
function (Fig. 1B) [8–10]. Because, in this study, we identiﬁed an-
other novel function of AtSrx acting as a nuclease enzyme, we
Fig. 2. DNA binding activity of AtSrx. Recombinant AtSrx was incubated with various DNA substrates including 0.2 lg of pUC19 (upper panel), ssDNA (mid panel) or dsDNA
(lower panel) on ice for 30 min. After the reaction, reaction products were loaded on a 1% agarose gel and gel shift was visualized with EtBr staining. (A) Reaction was started
after addition of various concentrations of AtSrx (0, 1, 2 and 5 lg). Instead of AtSrx, GST (5 lg) was used as a control. (B) Effect of KCl on the DNA binding activity of AtSrx was
examined by the addition of KCl up to 0.2 M concentrations. In the reaction, 0.2 lg of DNA was incubated with or without the presence of AtSrx (2 lg) or KCl in 15 ll DNA
binding buffer.
Fig. 3. Nuclease activity of AtSrx. Concentration dependent DNA hydrolyzing activity of AtSrx was examined at 37 C for 20 min using 0.2 lg of pUC19 (A) ssDNA. (B) or
dsDNA. (C) as substrates, in the presence of 5 mM Ca2+. (D) Time dependent DNA hydrolyzing activity of AtSrx was examined using 0.2 lg of pUC19. The reaction was stopped
by adding 2 mM EDTA and reaction products were analyzed on a 1% agarose gel. The positions of the supercoiled (CCC), open circular (OC), and linear DNAs are indicated. M
indicates molecular weight standards (1 kb DNA ladder).
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with the use of AtSrx-C72S mutant protein. Using both the native
and mutated form of AtSrx, we analyzed and compared their
DNA binding and hydrolyzing activities in agarose gels (Fig. 5). In
contrast to the data of sulﬁnate reductase function of AtSrx
[27,28], mutation of Cys72, the active site of sulﬁnate reductasefunction, did not give any effect on its DNA binding and hydrolyz-
ing activities. Furthermore, no activity difference was detected
from the different substrates, such as pUC19 DNA, ssDNA or dsDNA
(Fig. 5). The results suggest that the active site Cys residue of AtSrx
(Cys72) that is critically required for a sulﬁnate reductase function
does not involve in its DNA catalysis acting as a nuclease enzyme.
Fig. 4. Effect of divalent cations on nuclease activity of AtSrx. Various concentrations of AtSrx (0, 0.1 and 0.2 lg) were incubated with pUC19 (0.2 lg) as a substrate in the
presence of 5 mM divalent cations (Ca2+, Mg2+, Mn2+, Zn2+, Co2+) or 2 mM EDTA at 37 C for 20 min. The reaction products were analyzed on a 0.8% agarose gel. CCC:
supercoiled form, OC: open circular form, Linear: linear form of DNA. M indicates molecular weight standards (1 kb DNA ladder).
Fig. 5. Effect of active site Cys residue (Cys72) as a sulﬁnate reductase on the DNA binding and nuclease activity of AtSrx. After preparing the recombinant AtSrx and AtSrx-
C72S proteins, they were incubated with 0.2 lg of pUC19 (upper panel), ssDNA (mid panel) or dsDNA (lower panel), as substrates and analyzed their DNA binding (A) and
hydrolyzing (B) activities on 1% agarose gels. GST (5 lg) was used as control. CCC: supercoiled form, OC: open circular form, Linear: linear form of DNA. M indicates molecular
weight standards (1 kb DNA ladder).
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dual functions acting as a redox-dependent sulﬁnic acid reductase
of 2-Cys Prx as well as a redox-independent nuclease enzyme.
4. Discussion
The primary role of 2-Cys Prxs containing many isotypes is to
remove ROS generated from diverse cellular metabolic processes.
While eliminating H2O2, 2-Cys Prx can become overoxidized and
inactivated by modifying the active cysteine into cysteine sulﬁnic
acid (Cys-SO2H). The inactivated 2-Cys Prxs can be reactivated by
the sulﬁnic acid reductase function of Srx, which reduces the cys-
teine sulﬁnic acid of 2-Cys Prx to cysteine with a redox-dependent
manner [8–10]. Thus, the Srx has been shown to play crucial roles
in cellular defense systems against foreign stresses in yeast, mam-
malian and plant cells by reducing the overoxidized anti-oxidantprotein of 2-Cys Prx [8,9,29]. The enhanced level of Srx in human
cells promotes cellular proliferation and induces changes in cell-
cycle proﬁles [14]. Also, in response to oxidative stress, the cyto-
solic form of mammalian Srx can also be translocated into mito-
chondria to reduce not only the cytosolic forms of sulﬁnic 2-Cys
Prxs (I and II) but also mitochondrial type of sulﬁnic 2-Cys Prx
III. In mitochondria, Srx signiﬁcantly decreases the collapsing rates
of mitochondrial membrane potential and gives an enhanced cellu-
lar resistance against apoptosis [30]. On the other hand, the AtSrx
localized at the Arabidopsis chloroplasts is involved in anti-photo-
oxidative and anti-oxidative stresses [27,28]. However, at recent,
Srx in pea is also shown to be localized both in the mitochondria
and chloroplasts [10]. Thus, in plants, it may be possible that the
sulﬁnic form of chloroplast 2-Cys Prx is reduced by chloroplastic
Srx, but the mitochondrial type of Srx can reduce the sulﬁnic form
of atypical 2-Cys Prx, Prx IIF, localized in plant mitochondria. Un-
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plants resulted in a dwarf phenotype with smaller leaves com-
pared to those of wild-type plants [9]. And the reduced level of
Srx is more sensitive to the treatment of paraquat and H2O2 than
wild-type [8,9,13,27].
The most important result we have to notice in this paper is that
the AtSrx has high amino acid sequence and structural similarities
to a functionally unrelated protein, ParB, which participates in the
bacterial chromosome partitioning. Due to the exo- and endo-
nuclease activity of ParB, it nicks supercoiled plasmid DNA prefer-
ably at sites with potential single-stranded character, like AT-rich
regions to produce open circular DNA and ﬁnally to the linear form
of DNAs. In addition, the ParB interacting with other cellular part-
ners plays pleiotropic roles in bacterial cells, such as DNA segrega-
tion during cell division, conﬁrming the daughter cells receive a
full complement of newly synthesized DNA, colony formation, ﬂa-
gellar biogenesis, cell mobility and cell–cell signaling and so on.
Thus the mutagenesis or deletions in par genes cause many serious
problems, such as formation of a nucleate daughter cells, defects in
chromosome segregation, and even in cell death [23]. Because of its
importance in many cellular reactions, it can be an excellent target
for designing new antimicrobial drugs. We in this paper clearly
demonstrate that AtSrx has DNA-binding and hydrolyzing activi-
ties, in addition to its well known function of sulﬁnic acid reduc-
tase. This is also true in the case of pCXC100 ParB. Even though
the pCXC100 does not show signiﬁcant sequence homology to
any DNA binding motif, the protein binds to DNAs and functions
in maintaining the plasmid stability, like the ParB [31,32] .
Based on the sequence comparison and phylogenetic analysis of
Srx and ParB proteins, it was reported that Srx might be evolved via
the truncation of C-terminal half of the ParB [19]. During the evo-
lutional scenario, the HTH motif in C-terminal domain of ParB was
removed, and the glutamic acid of ParB was substituted for a cys-
teine in Srx, which constituted as a catalytic site of Srx. Thus, it
may be proposed that the redox-sensitive sulﬁnic acid reductase
enzyme, AtSrx, can have additional function of redox-independent
nuclease function during the evolutional procedures even in a sin-
gle protein molecule. Such condition-dependent divergence of
functional switching is subsumed under the caption of ‘‘gene shar-
ing’’, in which a gene encoding a single protein can acquire a sec-
ond function without necessarily losing its primary function. The
gene sharing was also discovered not only in 2-Cys Prx [33], a-
crystallin [34] but also in several proteases, such as ClpA, ClpX,
FtsH, AAA protease complex, and Lon [35]. Because the environ-
mental changes can be sensitively transduced into the intracellular
signals by redox changes, the redox-dependent functional switch-
ing of AtSrx should represent an important post-translational con-
trol mechanism against external stimuli.
The ROS generated through the electron transport pathways in
mitochondria, chloroplasts and plasma membranes can lead oxida-
tive damages to proteins, lipids and nuclear-, mitochondrial- and
chlorplastic-nucleic acids. Especially, many kinds of ROS-mediated
DNA damages include nucleotide alterations, nucleotide inver-
sions, base insertions/deletions and DNA strand breaks [36]. Be-
cause mitochondria and chloroplasts are the major site of ROS
production and lack of histones, the DNA protective proteins, the
mitochondrial and chlorplastic DNA are more sensitive to oxidative
damage by ROS than nuclear DNA [37]. However, cells can repair
the damaged DNAs by their intracellular nuclease enzymes which
eliminate the damaged or mismatched DNAs [38]. Considering the
fact that the plant Srx targeted to both mitochondria and chloro-
plasts in vivo functions as a nuclease, it may be presumed that
Srx binds and hydrolyzes the damaged or mismatched DNAs dur-
ing the DNA repair processes in those organelles. Concomitantly,
the Srx acting as a sulﬁnic acid reductase can reduce the ROS-med-
iated overoxidized 2-Cys Prx or Prx IIF in chloroplast and mito-chondria to remove ROS. Through this harmonious co-operative
system between 2-Cys Prx and Srx, it may be possible for plants
to efﬁciently manage external stresses.
The identiﬁcation of functional complexity of AtSrx substan-
tially expands our understanding of cellular phenomena in plant
cells. Based on our results, further works have to be done to inves-
tigate the physiological roles and signiﬁcance of the AtSrx having
dual activities in planta in near future.
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